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IN TRODUC TION 

Increasing compression pressures and higher speeds 
have been synoOnomous with the development of the 
internal combustion engine , especially the automobile 
engine. The first crude engines of Lenoir and Hugon 
had no compression. Barnetts engine in England was 
the first attempt to compress the charge before 
exploding - about 1838. For a long time the impor 
tance of compression was not realized; the many 
experiments carried on resulting in the construc t- 
ion.of engines. with little or no compression. The 
first conception of the importance of high compres - 
ion “— had by Beau de Rocha in 1842 when he stated 
that high compression was one.of the four require- 
ments for good economy and best operation of any 
internal combustion engine. 

In the practical developement of the internal 
eombus tion engine in the last 40 years the thermal 
efficiencies have gradually risen from 15% to a 
maximum of 35% chiefly due to the decreased com- 
bustion chamber and the resulting increased com- 
pression pressure. The pressures have been raised 
from zero to values as high as 120 pounds per square 


ineh for practical use while at the bureau of 
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standards tests have been made in which the comp- 
ression ratio was carried up to a value of 14 to l, 
giving compression pressures Of about 400 pounds 
per square inch. This refers,of course, tO an engine 
Operating on the normal Otto cye@le. 

Theoretically it can be prored that the Otto 
eyole efficiency is a function of the compression 
pressure and that it increases with an increase in 
compression. The equation E=l- i is the result of 

the i oneal shea s “andi yate OF ths Otto cycle. It 
shows that the greater r, the higher the cycle 


efficiency,all other things being equal. 


Since this theoretical knowledge has been known 


for a long time it seems correct to conclude tha t 
the increase in compression ratio has not been due 
to. the results of experiments but that it has come 


about in spite of experiments. Designers have always 


had the criterion of more compression equals greater 


efficiency but the numerous practical difficul ties 
which invariably arise when compression is increased 
without regard to other details of the engine have 
compelled them to modify the theories. 

At the present time, however, this subject of 
increasing compression pressures is under actives 
investizgation.Recent tests have proved that no 


matter how high the compression ratio.is raised 


o5< 

there is an increase in the efficiency so that this 
seems tO give great promise Of more power with less 
fuel and smaller engines.¥For by increasing the 
pttiobeney of an engine we get more power out of 
that engine since more Of the energy of the fuel is 
utilized.dence smaller engines can be built that will 
give power equal to that of the larger engines of 
to-day because the fuel charge can be smaller and we 
know that fuel charge governs the cylinder diaplacement. 

It has also been porapee in this connec tion 
that every fuel has a limiting value of compression 
pressure when employed in an engine,and that in the 
case of a low-limit fuel the aliowabie compression 3 
pressure of the engine ia limited by this fact. Any 
attempt to run the engine above the limiting pressure 
as determined by the fuel wild result in detonation 
or preignition. By Gihted Carita other fueis and 
chemicais. known as dopes or stabilizers such as tetra- 
ethyl-lLead,ethyi iodide and aniline. in smail portions 
to Ordinary gasoline the limiting compression pressure 
can be raised considerably and more power can be 
Obtained without the tendency of the engine to knock 
Or detonate. | 

domeotos - regards compression,is the shape of 
the combustion chamber. The Ricardo head,oOf which a 


hi Ok. og 2 ae 
ener elt 


ih pols anot eh 


ofa 
i seeuuentie his shown On pagell is an example of a 
combustion chamber which is designed to cause a 
swirling of the gases at the time they are compressed. 
This. causes quicker flame propagation which results 

in mOreaccurate timing and therefore in increased 
power. Severai of the modern automobiie engines. hare 
this type of combustion chamber. 

There are then, these phases of engine develope= 
ment which are closely related to the proposition of 
getting higher efficiency and more power by increased 
compression pressuresjnameiy, speciai fuess which will 
not detonate or preignite at the higher compression 
pressures, specially shaped combustion chambers which 
not Only cause more positive ignition but prevent 
preignition by reason of the rapid motion of the gases 
and, finaity, higher speed engines. 

The Object of this investigation is to determine 
the effect of varying compression pressures upon the 
fuel sanony and general performance Of a modern auto- 
mobile engine. Presumably the modern automobile motor 
has been developed to the highest possible degree, all 
things being condsidered. This presumption is based on 
the fact that competition would very s00n eliminate any 
engine which was not 80 developed. Therefore, any alter 


ation in the motor as designed at present which 
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increases the compression alone should result, 
according to theory, in increased fuel economy but 
according te the above assumption, in decreased aie 
formance due to. the knocking caused by preignition 
or detonation. 

The importance of this investigation lies in 
its relevancy to modern automotive engine develope- 
ment. While,on the one hand its results support the 
Tuadamental theory that increased compression results 
in increased efficiency, on the Other it demonstrates 
the practical difficulties in is were superficial 
‘action of increasing the compression pressure. There 
is much reason to beldere that the mOst promising 
direction in which to look for improvément in over- 
all economy and efficiency is towards increased 
compression pressures; hence any investigation which 
Sheds even a little light on this most important 
phase Of automobile enginsering is important and 
worth whils. | 

"Fuel econory” as determined in this invest- 
igation is the regular miles per galion for various 
speeds. It was measured in accordance with the S.A.E. 
Standard Car Performance Tests. "General Performance" 
means specifically the capacity to accelerate, t0 


climb hills and to travel at high speed and generally 


= Be 
to perform in such a way that thers are no detonation 


knocks, over-heating effects or any Other harrful 
symptoms which would be noticable to One who is a. 


critical observer of such faults. 


; Fs 
DESCRIPTION OF ENGINE AND CAR WHICH 
WAS USED IN THIS INVESTIGATION. 
The car used in this investigation was a 1924 
model Big Six Studebaker sedan. Its mileage was 2000 
when the investigation was started. 


ENGINE SPECIFICATIONS 


ee a a] 


Bore 3. 875 Normal compression ratio 
Stroke 5.00 ai 
Displacement 354 cu.in. Carburetor a" B.&E. 
S.A.F.H.P.Rating 34 | 
Timing order 1-5-3-4-2-4 

GEAR TRANSMISSION RATIOS 
High 1 tol : Pinion teeth 11 
Intermediate 1.96 tol Pinion teeth 12-13 
Low 3.34 tol yo Ring gear teetn 48-49 


Reverse 4.16 to 1 | Ratios 4.08, 4.34, 3.89 
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COMBUSTION CHAMBER 


Full Size 


Pian View 
Ricardo & Regular 


Spark Plug 
Sectiona, View os Reguiar vOl. 16.43 cu.in 
Regular Head & Hi-comp.voi. 17.22 cu-in 
Speciai Hiecompression Head ~ 


we Se Re 


Sectional View 


Hi-comp.No. Ricardo Head 
196 303 
22524 _ Vel, 15. 8 cu.in. 
Ricardo No. 
11iz2zy5<1 
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“PREPARATION FOR TEST 
The valves were all in good condition so there 

was little or no compression leakage. The carbon was 
removed just before the runs were started. The oil 
and grease were not aidbicen in any way so that run- 
ing conditions were maintained in that respect. 
All the spark plugs were cleaned and func tioned 
properly. The gas used throughout the test was 
Atlantic - sp.gravity 0.75. | 

To prepars the car for the test the regular 
gasOline line from the vacuum tank to the carb- 
uretor was removed and a copper gas line was run 
from a pair of weighing tanks On the dash board 
thru the floor to the carburetor. ‘The vacuum line 
from the intake manifold to the vacuum tank was 
removed and the hole in the intake manifold was 
plugged up. The weighing tanks were simply two 
square One-g2ilon capaci ty tanks mounted On a board 
and intorncannected by a three-way cock in such a 
way as to allow either one of the tanks to feed 
gasOline, by gravity, to the carburetor, One tank 
was connected to the system by eins of a ground- 
joint union so that it could be removed easily to be 


welgned. 


= 


Four different compression pressures were obtained 
by means Of extra gaskets and two special heads which 


were furnished by the Studebaker Corporation. No.1 
pressure was the noOrmal pressure Obtained by using tie 
standard head and a single gasket. This pressure was 
about 90 pounds per square inch absolute (75.3 guage). 
.No.2 pressure was that obtained by inserting three 

gaskets under the normai head (85.9 pounds guage). 
No.3 pressure was that obtained when a special hign 
compression head was used (79.9 pounds guage). Nod 
pressure? was 83.4 pounds guage, obtained by using a 
Ricardo head. 

These pressure values are all calculated from 
volumetric measurements of the clearance spaces, 
assuming n 1.32 and Y. 13.5 pounds. The pressures 
were also measured directly by an Okill pressure 
SUATl. Beck wins of nehancins pressures in 
this investigation only served to readily show that 
any new pressure was different enough from the Others 
to warrant our making all the runs involved under the 
new conditions. The gauge results are: No.1-73# 

No. 2-44# No. 3- 81# No. 4- 854. 

At first each cylinder pressure was tested put 

the cOmpression pressure for the different cylinders 


was sO nearly equal that thereafter the reading for 


“~* 


we 


fy 


elie 
One cylinder was deemedaccurate enough tO serve as a 
guide for the new pressure conditions in all the 
cylinders. 
To change the compression ratios it was, of 
course, necessary to change the heads. This was not as 
difficuit as it seems 6 PideSo Hikes Here only 28 
bolts en the head and 3 on the water manifoid which 
had to be removed each time; aiso the spark plugs and 
priming cups. Cup grease was used On both sides Of all 
: gaskets, no shellac.It took about one hour to change 
the heads and again as long to tighten the new head 
properly. It is important that the engine be well 
warmed after a new head has been put on 80 that all 
the slack in the studs can be taken up, Otherwise 
there wiis be compression i0ss around the gasket. A 
new gasket was used each time the head was changed. 
The fuel economy runs were made On the Pots town 
Pa. automobile race track; a mite track covered with 
. @ thin iayer of asphait. This was an ideai course for 
this test as there was no. interference during any of 
the runs. : | 
After a preliminary run around the track during 
which the throttle was adjusted to give the desired 
speed(as indicated by the speedoreter) a run was made 
at that speed. When the starting line was reached the 
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three-way cock was used to Siaeselnn’ the manoeuvering 
tank and to run on the weighing tank; the time was taken 

with a stop-watch. During a 2 mile run the throttle 

was kept constant; the spark was, therefore, also 
practically constant since the engine was equipped 

with an automatic spark control and the track was quite 
level. At the end of the run the time was taken and the 

weighing tank was disconnected as the car ercssed the 
finish line. The weighing tank and its contents was then 

removed and iatchel tn scales which were set up On the 


ground at the finisn line. 
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CALCULATIONS 
on v, \n n 
mene yea aC 


Assume n = 1.32 and B= 13.5 # 


No.l Pressure (normal conditions) 


Volume of combustion chamber 283 ¢.c.**=27-17.22 cu. in. 


Gasket thickness ag 
2 
Wx 3. 875 X 3 
pe ed mens nuanae 2 =e =e 1.10 cu. in. 
AKA “TESS total 
< 
Displacement TAS. roe 59.00 cu.in. 
y, es te tal. volume naaoseeasauheneacuneseaseaneael 1, On Cu. in. 
... = % on Tee oy iti Bs ated Mae Rtn ee oe oe ee 4.22 
“gs Va 18. 32 


% clemrance -----+-2-- 2220s sees ee eeeasene= 23.7 
log p= log 13.541.32 log 4.22 
+= 1.1892 +1.32 %.425 = 1.9552 
p = 90,9 #4," absolute. 
No.2 Pressure (normal head 3 gaskets) 


Von = 17-22 + 3K%1.10 annnannnnaacnnneen-= 20.52 cu. in. 


1 


e « = LAAT SHB SHE SO RS Eee eee 36 sto} 


c 


g Clearance= A HE Oe ee ee 25.8 


Vv = uf + displacament Set SSGS SR SSBS SBE a |S 79.52 CUe in. 


P, = 80.8 #/,° absOlute. 
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No,3 Pressure (High compression) 


% enw eee esas ee2n222 22 se ee seeean wane Gh 53 Cus in. 
Yo ieee bane eke no Wudeennesd 2. 8S cu. in. 
Yr SBew2S 2222292229397 9592822929328 8293275 4.37 


4 clearance en ene tase essseseaseess 22.9 


es 94.6 #/ 0 absolute. 


No.4 Pressure (Ricardo head) 


v ee ears 28 eS eee Besse sseenszasean 5, 92 Cue in. 
i. “Bet wwnweconseuscenunseesenenenee] $, 92 eu. in. 
> a apa saa dcglieciae nc, alt: awit aac 4,5 


% clearance exnsco2en02222080222023020,3 


Py = 98,3 #/,° absolute. 
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DATA SHEET NO.1 


NO.1 Compression(75. 3) 
Length of Lap 2 miles. 7 


Fuel Economy Run 


Approx. speed 


mi. ‘hr. 8 12 22 25 27 37 
Time- min. 24.54 10.14 5.45 5.04 4.42 3.26 
Velocity 

mi. /hr. 6.25 113.81 22.05. 24.8 27.15.34. 8 
Wet. fuel & 

tank-start. 14.43 13.07 11.73. 10651. 13.55 .12.25 
Wet.fuet & 

tank- end. 13.07 123.73.. 10.51. 9.28 12.26 10. Gi 
Wet. fuer 

used-1bs. 41.36 i. 354 4e22 deBS 4-249 1.45 
a. St4. iL -390. 2% 4208... -28 
Mi. /gal. 9.34 9,47 10.33 10.31 9,8 8.74 
Fuei Economy Check Run 

Approx. speed | 

mi. /hr. 8 rt. 20 25. 30 35 
 Tire-min. 44.27 7.95 4.28 4.8 5.8% 3.54 
Velocity 

mi. 7 hr. 8.43 35.10 419.40 24.8 341.42 36.00 
Wet. fuer & 

tank-start. 414.48 43-04. 212.70 14.53 13.22 11. 88 
Wet.fue & ee 

tank- end. 25.UL 4-70 120.42 43.242 114.88 19,53 
Wet. fuer - 7 | 
used-ibds. 1.47 Lets... dae be SL ON K. is SD 
oe RS. ROG 20208 210. 212 
Mi. /gai. 8%. 4U ¥.44 ¥.8  ¥.82 %.5U Yo $4 
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DATA SHEET NO.2 


Fuel Economy Run 


Approx. speed 
mi. /nr. 


Time-min. 


Velocity 
mi./ hr. 


Wet. fuel 6. 
tenr 2tart. 


Wet.fueli & 
tank end. 


Wet.fuel 
used-lbs 


Quantity of 


Mi. /gal. 


Fuel Ee onony. Check Run 


Approx. 
mi. /hr. 


speed 


Timre-min. 


Velocity 
mi./hr. 


Wet.fuel & 
tank start 


Wet.fuel & 
tanke end. 


Wet.fuel . 
used-lbs. 


Quantity of 
fuels-zal. 


Mi. /gal. 


Leng th 


14.31 


12. 8 
1.50 


2238 


8,44 


=19- 


15 
8. 03 


14. 97 
12. &1 


11.42 


Be i 4 


2219 


9,10 


12 


10.15 . 


11. & 
12. 88 
11.54 

1.34 


enxil 


9.41 


No.2 Compression (45. 9) 
of Lap 2 miles. 


20 


6.33 


oe... 


11.42 


40.44 


1.28 


2201 


9. 87 


20 


5.47 


P1. 92 


11.54 


10. 33 
1.20 
2189 


10, 44 


5.04 


23.99 
10. 33 
9.11 
1.22 
e191 


10.39 


35 
3. 34 


35.90 
11.38 
10.02 

1.34 


o2l4 


9, 34 


35 
3.08 


38, 90 


13.13 
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1.41 
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8. 94 
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Fuel Economy Run 


Approx. 
mi. /hr. 


Time-min. 


speed 


Velocity 
mi. /are 


Wet.fuel & 
tank-s tart 


Wet.fuel & 
tank-end. 


Wetefuel 


Quan tity of 
fuel-zal. | 


Mi. /gal. 


Fuel Economy Check Run 


Approx. speed 


mi, Mr. 
Time-win. 


Velocity 
Si./ ht. 


Wet.fuel& 
 .tank-s tart. 


Wet.fuel & 
tank- end. 


Wet. fuel 
used-1lbs. 


Quantity of 
fuel-gal. 


Mi. / gal. 
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DATA SHEET NO,3 


No.3 Compression (79. 9) 


Length of Lap 2 riles 


8 


15.32 
7. 85 
15.97 


14.75 


1.23. 


0194 


8 


' 2590 


7.90 


15.47 


14.2% 


1.21 


e191 


10.43 


12. 
2..05. 


12.20 


14.75 


135.55 .. 


1.20 


~189 


10,31 10.53 


iz 


9.42 


12.42 


14, 2% 


13.05 


Lo.L9 


oi 87 


19,80 


86979 


17.70 
13.05 


11.94 


111 


e175 


11.38 


25 


4, 84 
24. 8 
11.94 
10, 85 

1.09 


0172 


11.58 


4.12 


29.20 


15. 95 


1.18 


ol SS 


11.42 


30 
3. 8 


31.40 
14.55 
13.37 

1.37 


01 84 


Sell 
38, 40 
14..77 
13.55 


1.22 


e192 
19.40 


38 


3.09 


38. Sl 


13. 37 


12.1% 


1.2 
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DATA SHEET NO.4 


Fuel Economy Run No.4 Compression (83.4) 
Length of Lap 2 miles 
a 36 
Time- min. 13.04 7.849 Be 72 4, 81 Oe 78 ooh dD 
Veloce: 
ida ee. 9.21 15.49 37 87 24. 95 Ka BU 38. 10 
Wet. & 
oe ce. «48-86 32.18 26.65 25.47 12.43 11.34 
Wet. fuel & | 
oe 12.28 10.98 13.47 12.43 11.34 10.22 
ee cag 1a) 400 1 4, Loe 1.22 
oe ee ee en < zea 92. 2192 
Mi./ gai. 9.25 10.55 10.90 12.10 11.80 10.40 
Fuel ‘Economy Check Run 
2 agian wee . 4 15 | 30 38 
Time- min. 13512 7.43 4.43 4.77 3.49 3.13 
grape 9.14 14.15 1810 25.10 32.59 38.31 
so gh 15-16 13.89 12.73 11.43 14.25 13.14 
ee As. 8) 22.98 11.85 10,88 is. x6 11.97 
Wet. fue , sa } | 
ae 326 (1:26. 2R eh 3.09. 2.18 
cg eae CT aa at eee Ce ae ee 
Mi. /ga.. 9.97 10.8 11.43 12.15 11.43 
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CONCLUSIONS 

The accuracy Of the fuel economy runs was effected adver- 
Sely by the weather and by reason of the fact that Atlantic 
ga2sOline from One 1ot was not used throughout the tests. 
Always keeping in rind, however, that the fuel economy runs 
were just a part of the test and not its main purpose, 
neither of these factors introduced errors great enough 
‘te change any Of the basic results of the investigation. 

As far as performance ae ce have decided that this 
particular engine is greatly improved when the compress*on 
pressur2 is decreased slightly from that which obtains 
normally. With the regular head and one gasket (normal 
conditions) there was inveriably a pronounced knocking 
and bucking at speeds from 10 miles an hour down. The 
first effect of decreased compression which was noticed 
was that all knocking disappeared and that the engine 
performed more evenly and more quietiy. The effect of 
increasing the compression was to intensify the knock- 
ing which cccured at normal conditions. So it was 
concluded that this engine was Operating at a compression 
pressure which was too high for best performance. 
Practically, this cOnclusion led to permanent decrease 
in the compression by putting ho ceak aus under the head. 


Many miles of running since the test seems to indicate 


teleoy ene, 


ua aot aeey 


*29. 
that this method is a simple and effective means for get- 


ting the proper compression pressure for this engine. 
The important conelusion drawn from the results of 
this investigation is. that increased economy should not 
be the ultimate aim of modern engine designers when it 
comes tO a question of increasing compression ratios 
but rather increased economy plus increased or equal 
verformance. And this involves the re-design Of the 
whOle engine - the net resuit being higher rotative 
speeds, smailer pistons and hence smaller engines, 


and increased gear ratios. 
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